SUMMARY Erythrocyte adenine nucleotide concentrations were measured in 154 patients with erythrocyte autoantibodies and 811 normal subjects using a luciferin-luciferase bioluminescent assay. The patients were initially divided into haemolysing and non-haemolysing groups. Red cell adenosine triphosphate (ATP) concentrations were significantly raised in the 96 patients with active haemolysis compared with the normal subjects and with the 58 patients in the nonhaemolysing group. Although the patients categorised as non-haemolysing had higher ATP values than the normal subjects, this was because several patients had the anaemia of chronic disorders, which is associated with a shortened red cell life. Measurement of red cell ATP was a useful indicator of mean erythrocyte age and a raised value in patients with erythrocyte autoantibodies reflected active haemolysis.
In patients with erythrocyte autoantibodies it is important to decide whether active haemolysis is present. The simpler and indirect methods of assessing this-for example, haptoglobin concentrations and reticulocyte counts-are sometimes unhelpful,' particularly when the clinical condition is complicated. Definitive isotopic measurement of red cell life span is time consuming and requires expensive counting equipment. Erythrocyte adenine nucleotide concentrations decline with cell age2 and the present study was undertaken to investigate whether measurement of these substances, particularly ATP, would be of value in assessing red cell life span in patients in whom autoimmune haemolysis was suspected.
Material and methods
Studies were carried out on blood samples from 154 adult patients with erythrocyte autoantibodies referred for investigation of possible autoimmune haemolysis and on samples from 811 normal subjects. The latter individuals were all in good health and were not taking any medication. The patients were categorised as haemolysing or nonhaemolysing from the results of standard investigations including serological findings, haemoglobin concentration, reticulocyte count, blood film appearances, the presence of marrow erythroid Accepted for publication 23 January 1985 hyperplasia, red cell life span, and measurement of serum haptoglobins, bilirubin, and lactic dehydrogenase.
Red cell adenosine triphosphate (ATP) and adenosine diphosphate (ADP) concentrations and the ATP to ADP ratios were determined using a previously described bioluminescent luciferinluciferase system.3 Blood samples, anticoagulated with potassium edetic acid, were examined at different times, from within 4 h of collection (day 0) until 96 h (day 4), at roughly 24 h intervals; storage between times was at 4°C. Nearly 200 of the samples from the normal subjects were tested at all intervals.
Lysates were made and either tested immediately or frozen for examination later. 
Results
Red cell ATP and ADP concentrations and the ATP to ADP ratios for the normal subjects at each interval of testing are shown in Table 1 ; the age and sex of the subject had no effect on the results (p > 0-5 in all instances). Values given as mean tSEM *Significant difference from previous time of testing (p < 0-01). tSignificant difference from previous time of testing (p < 0-001).
585
(n) = number of subjects tested.
Ninety six of the patients had evidence of active haemolysis, while in 58 cases haemolysis was not suggested. Since most (140) of the patients' samples were tested on either day 0 or day 1, only the results at these times were considered in the analysis; they are shown in Tables 2 and 3 , together with their statistical significance.
Discussion
The introduction of a reliable and rapid method of estimating red cell adenine nucleotides by bioluminescence3 has allowed their measurement to be introduced into routine laboratory use. The present study is based on far larger numbers of both normal subjects and patients than any previous investigation. The results shown in Table 1 are important in establishing a range of values from normal adults at times when specimens are likely to be received in the laboratory; the effect of storage time is well illustrated. The results are of the same order as those of previous studies3-5 and it should be noted that values did not vary with age or sex.
In the patients with active haemolysis, the results are striking and show significantly raised ATP concentrations compared with both normal subjects and those patients with no evidence of haemolysis (Table 2 ). In addition to the mean age of the cells, erythrocyte ATP values depend on synthesis of adenine nucleotides by the cells, on serum inorganic phosphate concentrations, and on the rate of glycolysis.
A raised reticulocyte count obviously gives a lower mean red cell age; in addition, reticulocytes, but not mature red cells, are able to synthesise adenine nucleotides de novo.6 The effect of the reticulocyte count on the raised ATP concentrations in the patients with active haemolysis (Table 2) Table 2 mainly reflect decreased mean red cell age due to active haemolysis. Five patients in this group, however, had ATP concentrations within the normal range; their records were reexamined. Three patients had mild haemolysis and another had C3d coated cells, which have a near normal life span'3; there was no obvious explanation for the normal ATP concentration in the one remaining patient, who had pronounced haemolysis.
Although most patients in the non-haemolysing group had normal erythrocyte ATP contents, high concentrations in 11 cases (none greatly raised) were sufficient to increase the mean value significantly (Table 3) . Nine of these patients had the anaemia of chronic disorders,'4 while on reexamination the other two probably had subclinical haemolysis. Moderately raised erythrocyte ATP concentrations have been reported previously in patients with chronic disorders,4 and since features of this condition include decreased red cell life span'4 and mild reticulocytosis,4 the findings in Table 3 do not contradict the view that ATP concentrations relate to mean red cell age.
We conclude that, provided the serum inorganic phosphate concentration is normal, measurement of red cell ATP is a useful indicator of mean erythrocyte age in patients with erythrocyte autoantibodies, including cases with reticulocytopenia, and that a raised concentration reflects active haemolysis. 
